In many coastal states the presence and impacts of harmful dinoflagellates have been investigated and documented in the literature. Scientists and government officials in many countries routinely monitor their coastal waters for harmful algae in order to prevent harvesting of contaminated seafood. But this is not the case for Nigeria, a coastal state in the Gulf of Guinea, West Africa. The present work reports findings from a first attempt to monitor potentially harmful algae in the coastal waters of Nigeria. Samples were collected from specific locations that included a coastal sea, a lagoon, estuaries and creeks along Nigeria's coastline in November 1999 and April 2001. Potentially harmful dinoflagellates recorded during these periods included 3 Ceratium species, 5 Dinophysis species, 3 Gonyaulax species, 1 Gymnodinium sp, 1 Lingulodinium species, 4 Prorocentrum species and 1 Scrippsiella species. The potential ecological and human health risks associated with similar species in the literature are highlighted.
Introduction
There is a growing belief that harmful algal blooms (HABs) are increasingly spreading to all the oceans of the world, coastal seas, estuaries and lagoons. In addition to this biogeographic status of HAB organisms, they are also believed to exhibit an increase in frequency of occurrence (see SmAydA 1990 , TAylor 1993 , BoeScH et al. 1997 , AnderSon et al. 2001 , Sellner et al. 2003 , gAllegoS & BergSTrom 2005 , WArner & mAdden 2007 . This apparent global increase of HAB events is a worrisome phenomenon for environmentalists, public health officials, world fisheries, and coastal aquaculture.
Dinoflagellates are a part of the major HAB organisms. They belong to the diverse group of unicellular eukaryotes (leAnder & Keeling 2004) , which are motile and largely photosynthetic. Some are mixotrophic, exhibiting both autotrophic and phagotrophic mode of feeding (SHerr & SHerr 2002) . They are present among periphyton, phytoplankton, and the benthic communities. Their ecology and biology have permitted them to be among the most successful aquatic protists, capable of surviving different conditions of resource availability (e.g., AiSHAo et al. 2000 ).
They are a major group of primary producers that constitute the basic source of energy in aquatic food webs. Zooplankton, shellfish and some fish benefit directly or indirectly from the nourishment provided by dinoflagellates. Some dinoflagellates are, however, harmful to other aquatic biota, and to man who relies heavily on the aquatic environment for food and recreation (Ajuzie 2002 (Ajuzie , 2007 (Ajuzie , 2008 . They are harmful when: they produce toxins ( (a) TAylor 1993 , PiTcHer & mATTHeWS 1996 , lu & HodKiSS 2004 , colin & dAm 2005 ) that (i) contaminate seafood, (ii) kill other aquatic biota, (iii) produce toxic aerosols, and/or (iv) their toxins intoxicate human consumers of seafood; they form obnoxious blooms ( (b) SHumWAy 1990) that (i) degrade water quality, (ii) clog gills of fish and shellfish (roBerTS et al. 1983 , leiveSTAd & SerigSTAd 1988 , (iii) consume most of the oxygen in the water with concomitant biota kills (deTHlefSen & WeSTernHAgen 1983 , mATTHeWS & PiTcHer 1996 , and/or (iv) increase light attenuation (shading effect) to the disadvantage of bottom organisms (BoeScH et al. 1997 , geoHAB 2001 , gAllegoS & BergSTrom 2005 .
The term bloom in HAB might imply that dangerous algae provoke environmental and public health problems only when they occur in huge numbers, in the range of say several thousands to millions of cells L -1 . This, however, is not always the case (SmAydA 1990 , BoeScH et al. 1997 . Concentrations of only a few hundreds of cells L -1 of toxigenic dinoflagellates produce harmful effects (neHring et al. 1995 , SourniA 1995 . Such toxic species when consumed by fish or shellfish or when in contact with other aquatic biota, kill them by destroying the tissue architecture of gills, digestive system and circulatory system (see roBerTS et al. 1983 , WildiSH et al.1991 , Ajuzie & HouvenAgHel 2003 , Ajuzie 2008 ). In the wild, toxic dinoflagellates are inimical to the survival of larval fish and, thus, to juvenile recruitments into a local fishery (roBineAu et al. 1993) . They are capable of wiping out an entire year-class of fish in nursery grounds (see BoeScH et al. 1997) .
Toxic dinoflagellates do not always kill the predator (Kelly et al. 1992 , PilleT et al. 1995 . Some bivalves and fish after ingesting toxigenic dinoflagellates concentrate phycotoxins in their tissues (see SHumWAy 1995). The bioaccumulated phycotoxins undergo biological magnification as predators in the aquatic food web feed on phycotoxin-laden preys. Eventually, persons eating shellfish or fish that have concentrated phycotoxins in their tissues become intoxicated as well (see HAllegrAeff et al. 1995 , SHumWAy 1995 , Sellner et al. 2003 . Human victims of phycotoxin-related seafood poisoning might suffer ill-health from any of the following syndromes: amnesic shellfish poisoning (ASP), ciguatera fish poisoning (CFP), diarrheic shellfish poisoning (DSP), neurotoxic shellfish poisoning (NSP), and paralytic shellfish poisoning (PSP) -the list is not exhausted. The economic and welfare costs associated with catering for persons suffering from any of these syndromes can be quite high. For example, in Canada the medical and lost productivity costs for the dinoflagellate-caused PSP have been estimated to be over $226 000 annually (TODD 1995) . Irrespective of these impacts, the potential interactions between HAB species and humans are on the increase (KirKPATricK et al. 2002) . People never stop going to beaches or eating seafood. Thus, there is the need to constantly monitor coastal waters for the timely detection of HABs. Scientists in some coastal countries have taken the lead in the monitoring of HAB species in their respective countries. Some of such workers include PAuley et al. (1993) , Aune et al. (1995) , Belin et al. (1995 ), jAcKSon & SilKe (1995 , PiTcHer & mATTHeWS (1996) , BoeScH et al. (1997 ), mAcKenzie et al. (1996 ), yAmAmoTo & yAmASAKi (1996 ), lucKAS et al. (2005 and TAng et al. (2006) . If harmful dinoflagellates are detected early enough in coastal waters, it might pave the way for prompt precautionary measures (which can help in the prevention, control and/ or mitigation of their impacts on the human population) to be taken by public health officials.
Despite the fact that HABs have grave consequences on the environment, public health and local economy, some coastal states like those located in the Gulf of Guinea, with particular reference to Nigeria, apparently do not monitor HAB species in their coastal waters. Figure 1 illustrates the global distributions of problems caused by HAB species. No event is recorded for the Gulf of Guinea area. Does this mean that HAB species are absent from the region? The question marks posted there represent the inquiring mind who wants to know what the actual situation is, in this region. nWAnKWo (1997) observed that there are increasing documented cases of dinoflagellateinduced harmful algal bloom events in many parts of the world, but that such information is not available in Nigeria due to limited awareness of the danger they pose, and limited information on their occurrence, distribution and taxonomy. This observation by Nwankwo constituted a major drive that spurred us to undertake this study. The main aim was to contribute to our knowledge on the biogeography of HAB dinoflagellates in the literature. The work reported here was designed for a qualitative description (SmAydA 1995) of the dinoflagellates.
Materials and methods
The study area Nigeria has an extensive coastline that is characterized by dense evergreen forest cover. It runs from Lagos State in the Southwest, and passing through Warri and Port Harcourt (the Niger Delta) to Calabar in the Southeast (Fig. 2) . The coastline, which is located within latitudes 4°58' and 6°24'N and longitudes 3°24' and 8°19'E, has a total length of about 850 km. It is typified by the presence of bays and lagoons in the Southwest, and creeks and estuaries in the Niger Delta and Southeast (nWAnKWo 1997). The coastal sea is influenced by the Guinea and Equatorial Counter Currents, as well as heavy rains that normally last from April to October. The study area is densely populated. Lagos alone has an overwhelming population of over 9 million inhabitants. A diverse range of human activities (including manufacturing industries, agriculture, lumbering, oil/ gas explorations and transports, aquaculture, and raw sewage disposal) causes pollutants to enter the waters. Poor sewage handling and poor agricultural practices contribute immensely to eutrophication of coastal waters. Eutrophication, in turn, exacerbates aquatic pollution and microalgal proliferation (see dorTcH 2003 , SmiTH 2003 .
In the Lagos area, samples were collected from the near-shore waters of the Atlantic Ocean at Bar Beach, and at four stations in the Lagos Lagoon (i.e., Takwa Bay that links the lagoon to the open ocean, Ijora where untreated sewage is discharged on a daily basis, and the upstream stations at Lekki and Majidun). In Warri and Port Harcourt areas, samples were collected from creeks fringed by thick mangrove forests. The Warri stations included Buoy 4, Forcados, and Burutu. Burutu is an upstream station with human habitats along its shores. Buoy 4 and Forcados are comparatively remote areas on the downstream axis. The Port Harcourt stations included Iwofe River Channel, Abalama, Rock, and Samaa, which are fishing grounds and water transport routes. At the Calabar area, samples were collected in the Cross River Estuary, which is fringed by both mangrove plants and nipa palms (Nypa fruticans). The stations included the upstream Calabar River Channel, Buoy 24, and a downstream station at James Town. The estuary is a major shrimpping ground in Nigeria, as well as a major shipping route between Nigeria and other African countries like Cameroon, Equatorial Guinea and Gabon.
Sampling and methods
During the months of November 1999 and April 2001 near surface water hauls were taken at the various sampling stations using a 20µm-mesh phytoplankton net tied to a recipient. Sediment samples were collected with a bottom grab. The water samples were fixed in borax-buffered formaldehyde, while sediment grabs were placed in dark plastic bags and stored in a box. All samples were flown to Belgium, and analysis carried out our laboratory at Université Libre de Bruxelles, Brussels. At the laboratory the sediment grabs were stored in a refrigerator until they were analyzed. For analysis, the sediments were suspended in filtered seawater and washed through graded sifters, the final of which was a 20µm-mesh sifter. The residue on the 20 µm-mesh sifter was re-suspended in a small volume of filtered seawater. Aliquots of the treated sediment and surface water samples were examined with the aid of compound microscopes (both upright or inverted). Microphotographs of the dinoflagellates of interest were taken by employing a camera that was fixed at the top of the microscopes. Various reference materials that included STeidinger et al. (1967 STeidinger et al. ( ), dodge (1982 , TAylor (1987) , HAllegrAeff et al. (1995) and TomAS (1997) were used to identify the dinoflagellates.
Water temperature and salinity were measured on the sampling spot using a mercury thermometer and a refractometer, respectively. Nitrogen to phosphorus (N:P) ratios were calculated from data on dissolved inorganic nitrogen (NO 3 -+ NO 2 -+ NH 4 + ) and inorganic phosphate (PO 4 3-) that were also measured on the spot with the JBL TESTSET reagents for ammonium, nitrate, nitrite and phosphates.
Results
Salinity, nutrients and water temperature Salinities (Table 1) ranged from 2 to 34‰, with upstream waters in the brackish water systems having the lowest salinities. The ocean water at Bar Beach had the highest salinity (34‰). Nutrient measurements and, thus, N:P ratios were the same for both sampling periods. Water temperatures were between 30 and 32°C, and depended on both cloud-and forest cover. Data for these parameters are given in Table 1 .
The dinoflagellates
A total of 18 potentially harmful dinoflagellates were recorded in Nigeria's coastal waters during this exercise. They included organisms within the genera Ceratium ScHrAnK, Dinophysis eHrenBerg, Gonyaulax dieSing, Gymnodinium STein, Lingulodinium WAll, Prorocentrum eHrenBerg, and Scrippsiella BAlecH (Fig. 3) . Nine potentially toxic, and nine potential bloomforming dinoflagellates were recorded ( Table 2 ). The spatial distributions of the organisms are also presented in Table 2 . No potentially harmful dinoflagellate was observed in the Iwofe waters, the Port Harcourt Area.
Discussion
During HAB monitoring, the sampling strategy must match the specific objectives of the investigator (SmAydA 1995). This work was basically designed to provide a qualitative account of potentially harmful dinoflagellates in Nigeria's coastal waters. The phytoplankton-net-haul These six dinoflagellate species are approach was deemed necessary since we needed, in this first instance, to know which species are present in these waters, which stretched some hundreds of kilometres. Information gathered so far will be used in future monitoring efforts to design quantitative investigations.
The low salinity values recorded for the various stations in November 1999 appear abnormal. This is because November is normally within the dry season period in Nigeria, when salinities of the coastal waters are less diluted by freshwater inputs. However, it was gathered that the 1999 rainy season lasted till November in Lagos. So, the prolonged precipitations and runoffs were apparently responsible for the low salinities. On the other hand, salinities in April were on the high side because the rains were yet to start pouring by the time sampling was done. The temperature readings reflect the warm climate of Nigeria. This is a very first attempt to investigate (Fig. 3c ) Ceratium tripos, like C. furca, was observed in water samples collected at Bar Beach. Apparently, N is the growth-limiting nutrient for this species. A bloom of this species can provoke both hypoxic and anoxic conditions (TAylor et al. 1995) , events that deplete oxygen in water and cause biota kills. For example, when a bloom of C. tripos depleted the oxygen content in the New York Bight, it resulted to a massive mortality of marine animals (mAHoney & STeimle 1979). These three Ceratium species are considered cosmopolitan organisms (grAHAm 1941 , dodge & mArSHAll 1994 . They constitute dominant red tide species in many coastal waters, where they increasingly cause ecological havocs (see BAeK et al. 2008 ).
Ceratium tripos (müller) niTzScH

The genus Dinophysis
Although all the Dinophysis species recorded here, Dinophysis acuta eHrenBerg (Fig. 3d) , Dinophysis caudata SAville-KenT (Fig. 3e) , Dinophysis rotundata clAPAréde et lAncHmAnn (Fig. 3f) , Dinophysis tripos gourreT (Fig. 3g) , among the 82 dinoflagellate species recorded in Nwankwo's inventory (nWAnKWo 1997). The other 12 species are not on this list.
The genus Ceratium
Ceratium furca (eHrenBerg) clAPAréde et lAncHmAnn (Fig. 3a ) Apparently, Ceratium furca is a high salinity tolerant species, which tends to prefer conditions where nitrogen (N) rather phosphorus (P) serves as the growth-limiting nutrient. C. furca is non-toxic, but it has the potentials to form massive blooms (fAuST 2000). Such blooms are capable of killing aquatic biota. In 2001 C. furca blooms killed 100s to 1000s of gilthead sea bream (Sparus auratus) in aquaculture net pens in the Kuwait Bay (gliBerT et al. 2002) . Similarly, a high biomass bloom of this species was reported to have killed huge numbers of fish and rock lobster at St. Helena Bay, South Africa (mATTHeWS & PiTcHer 1996 , KudelA et al. 2005 .
Ceratium fusus (eHrenBerg) dujArdin (Fig. 3b ) Ceratium fusus tolerates a wider range of salinity more than the two other Ceratium spp reported in this study. Both N and P are equally growthlimiting nutrients for C. fusus. In the less saline waters P is expected to be the growth-limiting nutrient, while in the more saline waters N is and Dinophysis sp. (Fig. 3h) , were present in water samples collected from the coastal sea at Bar Beach, D. caudata appears to tolerate a wider range of salinity (21-34 ‰) than the rest. D. caudata was also recorded in water samples collected in the brackishwater of the Cross River Estuary. The apparent growth-limiting nutrient for the Dinophysis species is N. These species are all potentially toxic. It is well established that several Dinophysis species produce both dinophysistoxins and okadaic acid, all of which cause DSP (HAllegrAeff et al. 1995 , guillou et al. 2000 , BrAvo et al 2001 . Sellner et al. (2003) reported that Dinophysis need only be present at 100s of cells per litre to contaminate shellfish.
The genus Gonyaulax
Both Gonyaulax diegens Kofoid (Fig. 3i) and Gonyaulax spinifera (clAPAréde et lAncHmAnn) dieSing (Fig. 3k) were observed in brackish water samples. Gonyaulax scrippsae Kofoid (Fig. 3j) , on the other hand, seems to be restricted to the marine environment. While N might control the growth of both G. scrippsae and G. spinifera, P might be the growth-limiting nutrient for G. diegens. Though TAylor et al. (1995) reported that Gonyaulax species killed marine fauna in Hong Kong, South Africa and elsewhere by means of oxygen consumption, G. spinifera has been recently associated with yessotoxin (YTX) production (rHodeS et al. 2006) . YTXs intoxicate shellfish, but they have not been reported to cause human ill health (eSPeneS et al. 2004 , BlAnco et al. 2005 . Nevertheless, YTXs are cardiotoxic to mice when intraperitoneally injected into the animal (TerAo et al. 1990 (TerAo et al. , 1993 . At the cellular level, they induce apoptosis in human neuroblastoma (AlfonSo et al. 2003) .
The genus Gymnodinium
Gymnodinium sp.
( Fig. 3l ) The unidentified Gymnodinium species is likely to be a new species. It is larger than most Gymnodinium species that resemble it. Examples of such species include the smaller and egg-shaped Gymnodinium striatissimum HulBurT, and the freshwater Gymnodinium carinatum ScHilling. The specimen was observed in oceanic water samples collected at Bar Beach. N is likely to be the growth-limiting nutrient for this organism. Most Gymnodinium species are toxic, producing NSP or PSP toxins (cHAng 1995 , gAgo et al. 1996 , mAcKenzie et al. 1996 , BAnd-ScHmidT et al. 2006 . They also produce toxic aerosols that might cause asthma in human beings (see TAylor et al. 1995) .
The genus Lingulodinium
Lingulodinium polyedrum (STein) dodge (Fig. 3m ) Although Lingulodinium polyedrum, a cosmopolitan species (godHe et al. 2002 , BlAnco et al. 2005 , is regarded as a marine dinoflagellate by Prezelin & SWeeney (1979) , this study shows that it occurs, too, in brackish waters (see Tables  1 and 2 ). N rather than P is expected to be the growth-limiting nutrient for this species. Like G. spinifera, L. polyedrum produces YTXs (see TuBAro et al. 1998 , drAiSci et al. 1999 , PAz et al. 2004 . Additionally, it has the potentials of a bloom-forming species (Amorim et al. 2001 , SmAydA & reynoldS 2001 .
The genus Prorocentrum
Prorocentrum lima (eHrenBerg) dodge ( Fig. 3n ) P. lima, though it can be seen as epiphyte and in the water column mArAndA et al (2007a,b) , is typically a cosmopolitan benthic species, which is associated with sand and sediments (leBour 1925 , fAuST 1993 , yoo 2004 . P. lima recorded in this study was present in sediment grabs collected at Ijora, a notorious raw sewage disposal site in the Lagos lagoon. One of the organisms attached itself to a centric diatom, thus confirming the epiphytic nature of P. lima. P level was higher than that of N at the site of collection. Thus, P is likely to control the growth of P. lima in the Lagos Lagoon. P. lima is toxic. It produces okadaic acid and dinophysistoxins (BrAvo et al. 2001 , nAScimenTo et al. 2005 . Hence, it is one of the main dinoflagellate species responsible for DSP outbreaks (QuilliAm et al. , foden et al 2005 . To date, all cultured species of P. lima produce DSP toxins (mclAcHlAn et al. 1997 , morTon et al. 1999 , mArAndA et al. 2007b ). mBourdeAu et al. (1995 even suggested that P. lima is capable of contributing to ciguatera fish poisoning in view of the okadaic acid it produces. (Fig. 3o) The species was present in water samples collected from both brackishwater and marine environments.
Prorocentrum micans eHrenBerg
N is apparently the growth-limiting nutrient for the species. Although some authors including cABrini et al. (1995) and nWAnKWo (1997) referred to P. micans as a toxic dinoflagellate, toxicity in this species has not been demonstrated (see jAcKSon et al. 1993 , ÖHmAn & lindHolm 1995 . However, blooms of P. micans have been reported to kill aquatic biota. A bloom of this species alongside that of C. furca caused fish mortalities in South Africa's coastal waters in 1994 when they caused anoxic conditions that resulted in the suffocation of the animals (mATTHeWS & PiTcHer 1996 , KudelA et al. 2005 .
Prorocentrum minimum (PAvillArd) ScHiller (Fig. 3p ) P. minimum seems to be widely distributed in Nigeria's coastal waters. In the literature, P. minimum is referred to as a common, bloomforming dinoflagellate that has a wide geographical distribution (Heil et al. 2005) . Though it seems to tolerate a wide range of salinity in the brackish water systems of Nigeria, it was not seen in water samples from the coastal sea at Bar Beach. This observation is consistent with that of PerTolA et al. (2005) who reported that P. minimum relates negatively to salinity, and adapts well to low salinity. It also corroborates the finding of TAngo et al. (2005) who reported that P. minimum blooms at low salinities in Chesapeake Bay. Apparently, N and P are both growth-limiting nutrient for this species. P. minimum is toxic. It produces neurotoxins (grzeByK et al. 1997) . It is also a strong suspect of venerupin, a hepatotoxin that provokes venerupin shellfish poisoning syndrome (cemBellA & lAmoreux 1993) . Toxins of this dinoflagellate might block calcium channels (denArdou-QueneHerve et al. 1999) , and by so doing provoke certain ailments (e.g., gastrointestinal illness), and death. The toxins also can accumulate in nearly equivalent amounts in the hepatopancreas and meat of cultured mussels (denArdou-QueneHerve et al. 1999) . P. minimum also produces the haemolytic fatty acid 18:5n3 (PlAce et al. 2000) . Detrimental ecosystem effects associated with P. minimum range from wildfish and zoobenthos mortalities to farmed shellfish mortalities, attributable to both indirect biomass effects like provocation of anoxia, and toxic effects (lu & HodgKiSS 2004 , Heil et al. 2005 , TAngo et al. 2005 . Blooms of P. minimum also have impacts on submerged aquatic vegetation, through shading effects by which the massive blooms prevent sunlight from reaching such submersed vegetation (gAllegoS & BergSTrom 2005 , TAngo et al. 2005 . (Fig. 3q ) Prorocentrum sigmoides seems to be a saltwater alga. Apparently, N is the growth-limiting nutrient for the species. P. sigmoides has never been reported to be a toxin producer, but it is a fish killer (lu & HodgKiSS 2004) . It is capable of forming extensive blooms (yuzAo et al. 1993) , which can consume dissolved oxygen and cause biota kills.
Prorocentrum sigmoides BoHm
The genus Scrippsiella
Scrippsiella trochoidea (STein) loeBlicH (Fig. 3r ) This species tolerates both marine and brackishwater conditions. It was present in water samples collected from the coastal sea at Bar Beach, and the Lagos Lagoon. S. trochoidea is not a toxin producer, but it has been associated with aquatic biota kills. It is reported to have caused anoxic fish kills in Sydney Harbour, Australia (HAllegrAeff 1991).
Conclusion
In this paper, a very first effort to monitor HAB species in Nigeria's coastal waters is reported. This work also contributes to our knowledge on the biogeography of HAB dinoflagellates. There appears to be no evidence of human seafood poisoning case in the literature for Nigeria. Nevertheless, diarrhoea is common (Ali-dinAr 1999 , oBAdinA 1999 , Ajuzie 2002 , http://www. un.org/ecosocdev/geninfo/afrec/vol13no1/jun99. htm,). Among the various shellfish-poisoning syndromes, DSP is the one that is readily confused with other gastrointestinal maladies caused by bacteria and viruses (HAllegrAeff 1995) . Thus, further work is needed to ascertain the toxicity or otherwise of the potentially toxic species recorded in this study. There is also a need for further investigations to see if other potentially toxic species (e.g., Alexandrium spp, responsible for PSP) that are known to be cosmopolitan are present in Nigeria. 
